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© Process for producing polyether potyo!, the produced polyether polyol and polyuretha 

© A process for producing a polyether polyol with a 
content of 0.5 to 99.5 % by weight of oxytetramethylene 
groups derived from tetrahydrofuran by copolymerizing 
tetrahydrofuran or a mixture of tetrahydrofuran and other 
cyclic ether copolymerizable therewith with a polyhydric 
alcohol having two or more hydroxyl groups per one 
molecule with the use of a heteropoly-acid and/or its salt as a 
catalyst, which comprises allowing 0.1 to 15 molecules of 
water per one heteropoly-anion to exist in the catalyst phase. 

The above-described polyether polyol is an industrially 
useful polymer which is a starting material for potyurethane 
to be used for spandex or a synthetic leather, etc. 
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TECHNICAL FIELD 

The present invention relates to a process for 
producing a polyether polyol, which comprises copoly- 
merizing a polyhydric alcohol having two or more 
hydroxy 1 group in one molecule with tetrahydrof uran 
(hereinafter sometimes abbreviated as " THF " ) , or a poly- 
. hydric alcohol with tetrahydrof uran and a cyclic ether 
copolymer izable therewith by using a heteropoly acid 
and/or its salt as a catalyst, and also to a novel 
polyether polyol. 

BACKGROUND ART 

For a polyether glycol, which is a starting 
material for a polyurethane to be used for spandex or a 
synthetic leather, polyoxytetramethylene glycol (here- 
inafter abbreviated as u PTMG" ) , which is a homopolymer 
of THF, has primarily been used. However, the soft 
segments of the urethane elastomer employing PTMG are 
liable to be crystallized at lower temperatures to cause 
problems in physical properties at lower temperatures 
such that recovery after being elongated under stress is 
not sufficients. 

As one method for solving this problem, in- 
vestigations have been made about copolymers of THF with 
cyclic ethers as a substitute of polyether glycols for 
PTMG. However, due to difficulty in ring opening poly- 
merizability of a cyclic ether or in a synthesis of a 
cyclic ether, only limited species of copolymers are 
available and therefore no satisfactory result has yet 
been obtained. 
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In addition , generally ring-opening polymer- 
izability of THF is low, and it has not yet been known 
to obtain a copolymer having both terminal ends of 
hydroxyl groups all at once by copolymer i zing THF with a 
polyhydric alcohol co-presented therewith. It- has only 
been known that epichlorohydrin, which is high in 
ring-opening characteristic, is allowed to co-exist with 
THF (see Japanese Patent Publication after examination 
No. 32200/1973)-' However, the polyhydric alcohols added 
in this method may be considered to act only for an 
initiation of the reaction, and therefore they are 
bonded only to one terminal end of the polymer. 

The present inventors have made extensive 
studies to overcome those problems as described above 
and consequently discovered a catalyst which is capable 
of synthesizing a polyether glycol by copolymer i zing a 
diol with THF to accomplish the present invention. 

BRIEF DESCRIPTION OF DRAWING 

Fig. 1 shows ^H-NMR spectrum 4 of a copolymer- 
ized polyether glycol of THF and ethylene glycol as 
described in Example 1 (measured at 400 MHz by means of 
JEOL JNrt-GX 400 NMR device); 

Fig. 2 shows 13 C-NMR spectrum of a copolymer- 
ized polyether glycol of TKF and ethylene glycol r of 
which terminal hydroxyl groups have been acetylated, as 
described in Example 1 (measured by means of JEOL JNM-GX 
400 NMR device); 

Fig. 3 shows a schematic flow chart of a con- 
tinuous polymerization device which can be used in 
practicing the process of the present invention; 
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Fig. 4 shows ^H-NMR spectrum of a copolymer- 
ized polyether glycol of * THF and 1,6-hexane diol as 
described in Example 2 (measured at 400 MHz by means of 
JEOL JNM-GX 400 NMR device); 

5 Fig . 5 shows "hl-NMR spectrum of a copolymer- 

ized polyether glycol of THF and neopentyl glycol as 
described in Example 8 (measured at 400 MHz by means of 
JEOL JNM-GX 400 NMR device); and 

Fig. 6 shows ^"H-NMR spectrum of a copolymer- 
10 ized polyether glycol of THF and bi s- ( 2-hydroxy ethyl ) - 
n-butyl-amine as described in Example 13 (measured at 
200 MHz by means of JEOL FX 200 NMR device). 

DISCLOSURE 



The present invention provides a process for 
15 producing a polyether polyol with a content of 0.5 to 
99.5 % by weight of oxytetramethylene groups derived 
from tetrahydrof uran by copolymer izing tetrahydrof uran 
with a polyhydric alcohol having two or more hydroxyl 
groups per one molecule or by copolymerizing a mixture 
20 of tetrahydrof uran and another cyclic ether copolymer-* 

izable therewith with a polyhydric alcohol having two or 
more hydroxyl groups per one molecule with the use of a 
heteropoiy-acid and/or its salt as a catalyst, which 
comprises allowing 0.1 to 15 molecules of water per one 
25 heteropoly-anion to exist in the catalyst phase, and 
also provides a novel polyether glycol synthesized by 
the above process. 



The present invention relates to a new reac- 
tion, wherein a copolymer ization proceeds only with THF 
and a polyhydric alcohol, and the presence of polyhydric alcohol 
residues in the resultant polyetherglycol is not limited 
to the ends of molecule but can also be contained within 
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the molecule. Further, in the present invention, water 
is not required to be added as a starting material in 
the reaction system, and no hydrolysis with addition of 
water is reguired to be conducted after the reaction, 
but the terminal ends can directly be converted to OH 
groups. In addition, the catalyst can be recycled for 
reuse. Thus, the present invention possess such new 
specific features, which have not been realized in the 
prior art. 

Such a polymerization as described above has 
surprisingly been accomplished for the first time by 
using a heteropoly-acid as a catalyst and allowing 0.1 
to 15 molecules of water per one heteropoly-anion to 
exist in the catalyst phase. 

Generally, in the copolymerization reaction of 
THF and a cyclic ether known in the art, in addition to 
the disadvantage of limited species of cyclic ethers 
which can be adopted, a polymerization is liable to 
proceed rather as a block polymerization due to the 
difference in polymerization reactivity between THF and 
the cyclic ether, whereby the drawback is involved that 
a polyetherglycol low in crystallini ty , which is pre- 
ferable as a soft segment for an elastomer, can be 
obtained with difficulty. For example, tetrahydropyran 
which is a 6-membered cyclic ether cannot be copolymer- 
ized, and oxepane which is a 7-membered cyclic ether is 
also known to be very low in copolymerizability with 
THF. On the contrary, the reactivities of 3-membered or 
4-membered cyclic ethers such as ethylene oxide or 
oxetane are extremely large as compared with THF, and 
therefore products in which ethylene oxide or oxetane 
are subjected to block polymerization are liable to be 
obtained. 
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Whereas, according to the process of the pre- 
sent invention, various kinds of polyhydric alcohols can 
be adopted as a comonomer with THF, and besides a co- 
polymer can be obtained in which the comonomer is in- 
5 corporated randomly in the polymeric chain. Most of 
these copolymers have lower melting points than PTMG 
having the same molecular weight and are lower in crys- 
tallinity, and they can be expected to exhibit excellent 
elastic recovery even at lower temperatures, when 
10 utilized as soft segments for an elastomer. 

As the alcohols having two or more hydroxyl 
groups in one molecule to be used in the present inven- 
tion, any alcohol may be available, provided that it has 
no substituent which interferes with the activity of the 

15 catalyst of the present invention. Preferable poly- 
hydric alcohols may include dihydroxyalkanes such as 
ethylene glycol, propylene glycol, 1,3-propane diol, 
1,4-butane diol, 1,3-butane diol, 2-methyl-l, 3-propane 
diol, 1,5-pentane diol, 1,6-hexane diol, neopentyl 

20 gylcol, 2-methyl-l, 4-butane diol, hexane diol, heptane 

diol and the like? trihydroxyalkanes such as trihydroxy- 
heptane, trihydroxyoctane, glycerine and the like; poly- 
alkylene glycols such as di ethylene glycol, trithylene 
glycol, tetraethylene glycol., dipropylene glycol and 

25 the like. Among the polyhydric alcohols as mentioned 
above, dihydric alcohols are particularly preferred. 

As the polyhydric alcohol, low molecular 
weight polymers of the polyether polyol derived by the 
process of the present invention using the polyhydric 

30 alcohol as exemplified above can also be used. Further, 
low molecular weight polymers of PTMG may be used as a 
part of the polyhydric alcohol. The low molecular 
weight polymer as herein mentioned is not particularly 
limited, so long as it has a molecular weight lower than 

35 the polymer to be synthesized, but for instance it 



01 58229 

- 7 - 

should preferably have a number average molecular weight 
within the range of from 100 to 500, when a polymer 
having a number average molecular weight of 600 or 
higher is to be synthesized, while a number average 
5 molecular weight within the range of from 100 to l f 000 
when a polymer having a number average molecular weight 
of 1,200 or more is to be synthesized. A use as a 
reactant material for polymerization by recycling an 
oligomer separated by extraction or distillation from 

10 the poly ether polyol synthesized according to the 
reaction of the present "invention is a preferable 
example of using the above-described low molecular 
weight polymer in the reaction. Such a low molecular 
weight polymer may be added preferably in an amount of 

15 10 wt. % or less in the starting monomer. 

By allowing a monohydric alcohol as the al- 
cohol to exist in the reaction system, an alkoxy group 
can be introduced into the polymer at its terminal ends. 

As an polyhydric alcohol, it is also possible 
20 to use a nitrogen containing polyhydric alcohol having a 
moiety comprising a secondary amine or a tertiary amine 
or a salt thereof in the molecule, and in this case a 
polymer containing nitrogen is obtained. The above 
nitrogen containing polyhydric alcohol is not par- 
25 ticularly limited, but a compound having each one 

hydroxyl group in the two substituents on the nitrogen 
atom is preferable, since it can give a polyetherglycol 
containing nitrogen atoms in the main chain, which can 
preferably be used as the starting material for elas- 
30 tomers. A preferable example of the nitrogen containing 
polyhydric alcohol has the following structural formula: 
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[wherein and R 2 are selected from the group 

consisting of "" (CH 2 ) n"" (wherein n: 2 - 10), 
-CH 2 CH 2 -0-CH 2 CH 2 - and -CH 2 CH 2 CH 2 -0-CH 2 CH 2 CH 2 - , and R 3 is 
selected from the group consisting of hydrogen atom and 
5 alkyl groups having 1 to" 10 carbon atoms] such as 
di ethanolami ne and N-methy 1-di ethanolami ne . 

Alternatively , the polyhydric alcohol may also 
be a polyhydroxysulf ide having sulfur atoms in the 
molecule. In this case, a polymer containing sulfur is 
10 obtained. The polyhydroxysulf ide is not particularly 

limited, and a preferable example - is shown by the struc- 
tural formula: 



HO-R^S-^-OH 

[wherein R- and R^ are selected from the group consist- 
15 ing of -<CH 2 ) n ~ (wherein n: 2 -10), -CH 2 CH 2 -0-CH 2 CH 2 - 

and -CH 2 CH 2 CH 2 -0-CH 2 CH 2 CH 2 ] such as 2,2 1 -thiodiethanol- 
amine and 3 , 3 ' -thiodipropanolamine. 



If the above nitrogen containing polyhydric 
alcohol or polyhydroxyalkylenesulf ide exists in the 
2Q reaction system in an amount of the 4-fold molar amount of the 
heteropoly-anion, polymerization activity will be 
lowered and hence it is preferable to use the above 
compounds in an amount less than the 4-fold molar amount of the 
heteropoly-anion . 



25 The cyclic ether to be used in the present 

invention may include 3-membered cyclic ethers such as 
ethylene oxide, propylene oxide, isobutylene oxide, 
epichlorohydrin and the like; 4-membered cyclic ethers 
such as oxetane, 3 , 3-dimethyloxetane, 3-methyloxetane , 

30 3, 3-bis(chloromethyl) -oxetane and the like; 5-membered 
cyclic ethers such as methyl tetrahydrof uran, 1,3- 
dioxorane and the like; 6-membered cyclic ethers such as 
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trioxane and derivatives thereof; 7-membered cyclic 
ethers such as oxepane and derivative thereof; bi cyclic 
5-membered ethers such as 1,4-epoxycyclohexane and the 
like; large cyclic ethers such as 15-cfown-3 , 20-crown-4 , 
etc.; and oligomeric cyclic ethers which are polymers of 
THF or copolymeris of THF and alkylene oxide. 

The composition of the starting materials for 
the process of the present invention is not particularly 
limited / but comprises preferably 0.5 to 99.9 wt. % of 
THF, more preferably 10 to 99 wt. %. When THF is co- 
polymerized with both of a polyhydric alcohol and a 
cyclic ether other than THF, the proportions of the 
polyhydric alcohol and the cyclic ether other than THF 
in the starting materials are not particularly limited, 
but the polyhydric alcohol may preferably be* used in an 
amount of two-fold moles or more of the cyclic ether 
other than THF. 

The heteropoly-acid and its salt in the 
present invention refers comprehensively to oxy acids 
formed by condensation of at least one oxide of Mo, W 
and V with oxy acids of other elements such as P, Si, 
As, Ge, B, Ti , Ce, Co, etc. and salts of the oxy acids, 
the atomic ratio of the former to the latter being 2.5 
to 12. 

Examples of these catalysts may include 
12-molybdophosphoric acid, 5-molybdo-2-phosphoric acid, 
12-tungstophosphoric acid, 12-molybdotungstophosphoric 
acid, 6-molybdo-6- tungstophosphoric acid, 12-molybdo- 
vanadophosphoric acid , 11-molybdo-l-vanadophosphoric 
acid, 12-molybdotungstovanadophosphoric acid, 
12- tungstovanadophosphoric acid , 12-molybdoniobo- 
phosphoric acid, 12-tungstosilicic acid, 12-molybdo- 
silicic acid, 12-molybdotungstosilicic acid, 12-molybdo- 
tungstovanadosilicic acid, 12- tungstoboric acid, 
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12-molybdoboric acid, 12-molybdotungstoboric acid, 
12-molybdovanadoboric acid, 12-molybdotungstovanadoboric 
acid, 9-molybdonickelic acid, 6-molybdocobaltic acid, 
6-tungstocobaltic acid, 11-molybdoarsenic acid, 
5 12-tungstoarsenic acid, 12- tungstogermanic acid, 

18-tungsto-2-arsenic acid f 18-molybdo-2-phosphoric acid, 
9-molybdophosphoric acid, 18- tungsto-2-phosphoric acid, 
12-titanomolybdic acid, 12-ceriomolybdic acid, 
18-molybdo-2-phosphoric acid and salts thereof. 



Among them, preferable examples include 
12-molybdophosphoric acid, 18-molybdo- 2- phosphoric acid, 
9-molybdophosphoric acid, 12- tungstophosphoric acid, 
18-tungsto-2-phosphoric acid, ll-molybd'o-l-vanado- 
phosphoric acid, 12-molybdotungstophosphoric acid , 
6-molybdo-6- tungstophosphoric acid, 12-molybdotungsto- 
vanadophosphoric acid, 12- tungstovanadophosphoric acid , 
12-molybdosilicic acid, 12- tungstosilicic acid, 
12-molybdotungstosilicic acid, 12-molybdotungstovanado- 
silicic acid, 12- tungstoboric acid, 12-molybdoboric 
acid, 12-molybdotungstoboric acid, 12-molybdovanadoboric 
acid , 12-raolybdotungstovanadobori c acid , 12- tungsto- 
germanic acid and 12-tungstoarsenic acid. 

The kinds of the salts are not particularly 
limited. For example, there may be employed metal salts 
25 of the metals belonging to the group I of the periodic 
table such as Li, Na, K, Rb, Cs, Cu, Ag, Au, etc., of . 
the group II such as Mg, Ca, Sr, Ba, Zn, Cd, Hg etc., of 
the group III such as Sc, La, Ce, Al , Ga, In, etc., of 
the group VIII such as Fe, Co, Ni , Ru, Pd, Pt, etc. and 
3Q other metals such as Sn, Pb, Mn,-Bi, etc., or ammonium 
salts, amine salts and others. 

Typical examples of these salts may include 
12-tungstophosphate-l-lithium ^^ 2 I>Vi 12 O A0 ) ' 
12-tungstophosphate-2-lithium <Li 2 HPW 12°40 > ' 
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12- tungstophosphate-l-sodium (NaH 2 PW 12 0 4Q ) , ^-tungsto- 
phosphate^- sodium (Na 2 HPW 12 O 40 ) , 12- tungstophosphate- 
2-potassium CK HFW^O^) , 12- tungs tophosphate-2-cesium 
< Cs 2 HPW i2 O 40 ) , 12-tungstophosphate-2-silver 
5 ( Ag 2 HPW^ 2 04 0 ) , 12- tungs tophosphate-l-magnesium 
(MgHPW 12 0 4Q ) , 12-tungstophosphate-l-calcium 
(CaHPW 12 0 4Q ) , 12-tungstophosphate-l-zinc (ZnHPW^O^) , 
12-tungstophosphate-l-nickel . (NiHPW^O^) , 12-tungsto- 
silicate-l-nickel (NiHSiW 12 0 4 Q ) , 12- tungstosilicate- 
10 2-lithium <Li 2 H 2 SiV? 12 O 40 ) r 12- tungstosilicate-2-sil ver 

{ A 92 H 2 S ^" W 12°40 * ' 12 "* tun 2 stos ^^^ cate "^~ ina 9 nes ^ uin 
(MgH 2 SiW 12 0 4Q ) , 12-tungstosilicate-l-aluminum 

(AlHSiW^O^) , 12- tungstosilicate-2-indium 

(InHSiW 12 0 4Q ) , 12- tungstosilicate-1- gallium 

15 (GaHSiW^O^-Q-T, 12-molybdophosphate-l-lithium 

(LiH 2 PMo 12 0 4Q ) , 12-molybdophosphate-l-magnesium 
(MgHPMo^ 2 0 4 p ) , 12— tungstophosphate- 2 -ammonium 
( (NH 4 ) 2 HPW 12°40 ) ' 12- tungs tosilicate-l-tetramethylamine 
(N(CH 3 > 4 H 3 SiW 12 O 40 ) , 12- tungstophosphate- 1- iron 

20 (FePW 12 O 40 ) , 12-tungstophosphate-l-bismuth (BiPW 12 0 4Q ) , 
12-tungstophosphate-l-aluminum (AlPW^O^) , 12-tungsto- 
phosphate-l-chromium (CrPW^O^) , 12-tungstophosphate- 
1-gallium < GaPW i2°40* ' 12 ~ tungstophosphate- 1-indium 
(InPW 12 O 40 ) and the like. A mixture with heteropoly- 

25 acid may also be employed. The heteropoly-acid salt may 
be prepared by titrating an agueous solution of a 
heteropoly— acid with carbonates or nitrates of various 
metals, ammonia, amines, etc., followed by evaporation 
to dry . 

30 These heteropoly-acids or salts thereof may 

also be used as the catalyst in the redeuced form 
thereof . 



35 



In general, a heteropoly-acid or its salt • 
exists in the state wherein 20 to 40 molecules of water 
coordinated per one molecule thereof and however in this 
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state, it has no polymerization activity at all. Where- 
as , when the above catalyst is subjected to drying 
treatment to change its number of water molecules 
coordinated (the molar ratio of the water coordinted to 
5 the heteropoly-anion) , for examination of polymerization 
activity , it has unexpectedly been found that polymeri- 
zation activity appeared when' the moles of water exist- 
ing in the catalyst phased per one heteropoly-anion was 
reduced to not higher than 15, particularly not higher 

1Q than 8, and, moreover, specific ability could be 

exhibited such that the polyhydric alcohol was also 
activated to form a copolymer with THF in which the 
residue of the polyhydric alcohol is also bonded to the 
inner part of the polymer chain. If the molar ratio of 

15 water to the heteropoly-anion existing in the catalyst 
phase is less than 0.1, the efficiency of terminal, 
hydroxylation will become worsened, and therefore the 
above ratio is required to be within the range of from 
0.1 to 15. Although slightly different depending on the 

2Q heteropoly-acid or its salt employed and the composition 
of the starting materials, the catalyst in which water 
is allowed to co-exist in an amount within the above 
range will not generally be dissolved uniformly in the 
starting material solution in the polymerization system, 

25 but it exists as a catalyst liquid phase while forming 
two liquid phases with the starting material organic 
phase' or as a solid phase. If the water content is 
increased greater than the above ratio, polymerization 
activity will disappear and the heteropoly-acid becomes 

30 homogeneously soluble in the starting material solution. 
More specifically, the polymerization system will 
generally form two liquid phases of a catalyst liquid 
phase and a starting material, organic phase when water 
is allowed to exist at a ratio of 1 to 15 molecules per 

35 one heteropoly-anion. If the amount of water is reduced 
to less than the ratio of about 1, the catalyst becomes 
a solid phase. However, even when water exists at a 
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ratio of 1 to 15 molecules per one heteropoly-anion , 
some heteropoly-acid salts do not form a liquid phase 
but remain as a solid phase, or otherwise the catalyst 
may sometimes be dissolved homogeneously without forming 
5 two liquid phases if the polyhydric alcohol concentra- 
tion in the starting material is very high. When the 
above ratio is within the range from 1 to 8, there can 
be obtained a polyether polyol having a number average- 
molecular weight of 600 to 3,500, which can preferably 
10 be used as a starting material for elastomers. 

Polymerization activity and the molecular 
weight of the polymer obtained will vary depending on 
the molar ratio of water to the heteropoly-anion 
existing in the catalyst phase, and their relationship 
15 will also be changed depending on the sort of the 

catalyst employed. Accordingly, it is preferable to 
carry out the reaction with an optimum content of water 
which can easily be determined according to the respec- 
tive conditions and purposes. 

2q In the present invention, the water allowed to 

exist in the catalyst phase is estimated to exist in the 
state of being coordinated to the catalyst, when the 
catalyst is a solid phase, while in the state of being 
coordinated to the catalyst or of being^ dispersed in the 

25 catalyst phase, when the. catalyst is a liquid phase... In 
this specification, the number of coordinated water 
molecules is defined as the average number of water 
molecules coordinated per one heteropoly-anion, when the 
catalyst is a solid phase, while it is defined as the . 

30 value of the total number of water molecules in the 

catalyst liquid phase divided by the number of existing 
heteropoly-anions , when the catalyst exists as a liquid 
phase- 
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The number of coordinated water molecules can 
be controlled by heating the heteropoly-acid or its salt 
to a high temperature lower than the decomposition tem- 
perature or maintaining it at reduced pressure at a 
relatively lower temperature. Since the decomposition 
temperature of the catalyst differs depending on the 
particulr catalyst employed, the heating temperature 
will be determined depending on the catalyst, but it is 
generally within the range of from 100 °C to 320 °C. It 
is also possible to control the nubmer of coordinated 
water molecules so as to be increased from more scarce 
state than is required by supplementing a necessary 
amount of water mixed into the starting material for 
polymerization such as THF. 

In the reaction, wherein a polyhydric alcohol 
is incorporated into the polymer chain through an ether 
linkage, water is formed and therefore polymerization 
activity will be lost if the content of water in the 
system exceeds 15-fold moles of the heteropoly-anion . 
Accordingly, it is necessary to determine the molar 
ratio of a polyhydric alcohol to be reacted relative to 
THF and relative to the catalyst so that the amount of 
coordinated water molecules will not exceed 15 by the 
water formed in the system in an amount larger than the 
amount consumed as the polymer ends. When it is desired 
to enhance further the molar ratio of an alcohol/THF, 
water can be removed by distillation or other methods to 
maintain the nubmer of water molecules coordinated to 
the heteropoly-anion at not more than 15, whereby a 
ratio of copolymer izat ion of the alcohol can be 
enhanced. 

On the contrary, if the amount of water 
molecules is less than that consumed as the terminal 
ends of the polymer, the number of coordinated water 
molecules in the catalyst will be decreased with the 
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progress of the reaction, whereby the polymer obtained 
will be increased in molecular weight with elapse of 
time, and therefore it is preferred to carry out the 
reaction while controlling the content of water in the 
catalyst phase at a constant level by addition of a 
polyhydric alcohol or water. 

The amount of the catalyst employed is not 
particularly limited, but the polymerization rate is 
slow if the catalyst amount in the reactor is small, and 
therefore it is used in an amount of 0.01 to 20-fold 
weight, preferably 0.1 to 3-fold weight, of the starting 
material . 

When the reaction is carried out in a two- 
liquid phase system with a volume of the catalyst liquid 
phase of 10 % or more, preferably 30 % or more, of the 
total liquid phase volume in the reactor,., a polymer 
having a very sharp molecular weight distribution can be 
obtained after the reaction from the starting material 
organic phase. The mechanism in which a polymer with a 
sharp molecular weight distribution is formed is not 
clearly understood, but it may be estimated to be due to 
the selective extracting function possessed by the two- 
liquid phase sytem which migrates polymers having a 
certain or higher levels of molecular weights selec- 
tively to the starting material organic phase and makes 
polymers having molecular weight lower than the levels 
remain in the catalyst liquid phase. For this reason, 
if the ratio of the catalyst liquid phase occupied in 
the total liquid phase is lower, the selective 
extracting function through levels of molecular weight 
of polymers by the two-liquid phase will be damaged to 
give no sharp moelcular weight distribution. 
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Also, the catalyst may be carried on a carrier 
capable of adsorbing a heteropoly-acid or its salt such 
as activated charcoal, silica alumina, alumina, etc. and 
used as a fixed bed or a fluidized bed. By using a 
carried catalyst, separation between the polymer 
obtained and the catalyst can very easily be done with 
the catalyst amount dissolved in the polymer phase being 
very small, whereby the purification steps can be 
simplified to a great extent. As a carrier, activated 
charcoal is particularly preferred for its great 
adsorptive force for heteropoly-acids and salts thereof. 



The reaction materials and the like to be 
provided for polymerization should preferably be contain 
no impurity such as peroxides or others. 

The reaction temperature should preferably be 
from -10 to 120 °C, particularly from 30 to 8 0 °C, since 
too high a temperature tends to lower polymerization 
degree and also from the view-point of polymer yield. 
The yield will abruptly be decreased if the temperature 
exceeds 120 °C. The reactivity is lower at a tempera- 
ture lower than - 10 °C. 

The time required for the reaction, which may 
differ depending- on the catalyst amount and the reaction 
temperature, is 0.5 to 50 hours. The reaction pressure 
may be either atmospheric, pressurized or reduced 
pressure. 

In the process of the present invention, the 
reaction may be carried out while stirring a polyhydric 
alcohol and THF or a polyhydric alcohol, THF and a 
cyclic ether together with a catalyst having a pre- 
determined number of coordinated water molecules. 
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The reaction system may include those conven- 
tionally used, such as the tank system, the tower sys- 
tem, etc. Also, either batch system or continuous sys- 
term may be practiceable. 

After the reaction, the catalyst may be re- 
moved by filtration, when it is a solid phase, or by 
phase separation, when it is a liquid phase and 
separated into two phases, or by extraction, etc., when 
it is homogeneously dissolved, followed by removal of 
unreacted monomers by distillation, etc., whereby the 
polyether polypi can be obtained. The polymer obtained 
is purified by washing or treatment with adsorbents, 
etc. to provide a commercial product. The catalyst may 
be used repeatedly as such, or after readjustment of the 
number of coordinated water molecules, if desired. 

The composition of the copolymer can be varied 
within the range of from 0.5 to 99.5 wt. % of the con- 
tent of oxytetramethylene groups derived from THF. The 
preferable composition of the copolymer for use as the 
starting material for elastomers such as polyurethane 
elastomers comprises 10 to 99.5 wt. % of the content of 
oxytetramethylene groups, more preferably 50 to 98 wt. 
%, particularly preferably 70 to 95 wt. %. When a 
copolymer contains oxytetramethylene groups in excess ..of 
99.5 wt. %, substantial difference thereof in physical 
properties and chemical properties from PTMG which is 
the homopolymer of THF will become very small. 

When an alkylene glycol having 5 or more 
carbon atoms such as 1,5-pentane diol or 1,6-hexane diol 
is used as a polyhydric alcohol, a polyether glycol can 
be obtained, comprising the constituent unit represented 
by the formula (I) shown below and the constituent unit 
represented by the formula (II) shown below, with both 
ends of the molecule being hydroxyl groups: 
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_^(CH 2 ) 4 -0-4- (I) 
_^(CH 2 ) n -0-9- (ii) 
(wherein n is an integer of 5 or more). 

A polyetherglycol wherein the molar ratio of 
the unit (I) to the unit (II) is 99:1 to 5:1, having a 
number average molecular weight of 500 to 10,000 is a 
poly ether glycol which can preferably be used as soft 
segments for an elastomer such as polyurethane, poly- 
ester, polyamiae, etc. Above all, a polymer wherein the 
molar ratio of the unit (I) to the unit (II) is 50:1 to 
5:1, having a nubmer average molecular weight of 500 to 
3,500 is particularly preferable as soft segments for an 
elastomer. 

When neopentyl glycol is. used as a polyhydric 
alcohol, a polyether glycol can be obtained, comprising 
the constituent unit represented by the formula (I) 
shown below and the constituent unit represented by the 
formula (III) shown below, with both ends of the 
molecule being hydroxy 1 groups: 

-4~CCH 2 ) 4 -0H- (I) 
CH 



3 

CH 



CK 2 -C-CH 2 -0- 3- .(in ) 



3 



A polyetherglycol wherein the molar ratio of 
the unit (I) to the unit (III) is 99:1 to 5:1, having a 
number average molecular weight of 500 to 10,000 and a 
melting point of 18 °C or lower, is a polyether glycol 
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which is hard to crystallize even when the polymer has 
high molecular weight, and therefore can preferably be 
used as soft segments for an elastomer such as poly- 
urethane, polyester, polyamide, etc. The elastomer, 
employing this polyetherglycol as soft segments exhibits 
excellent elastic recovery even at lower temperatures. 
Its number average molecular weight is preferably 500 to 
3,500. 



On the other hand, when a nitrogen-containing 
alcohol having a moiety comprising a secondary amine or 
a tertiary amine or a salt thereof in the molecule, a 
polyether polyol containing nitrogen can be obtained. 
When a compound having the formula shown below is used 
as the polyhydric alcohol containing nitrogen: 

HO-R, ~N-R 2 -0H 



[wherein R 1 and R 2 are selected from the group consist- 
ing of -^ CH 2 ) n" < wher ei* n: 2 - 10), -CH 2 CH 2 -0-CH 2 CH 2 - 
and -CK 2 CH 2 Cfl 2 -0-OT 2 CH 2 CH 2 -, and R 3 is selected from the 
group consisting of hydrogen atom and alkyl groups hav- 
ing 1 to 10 carbon atoms], a polyether glycol comprising 
the constituent unit represented by the following 
formula (I) shown below and the constituent unit repre- 
sented by the following formula (IV) shown below, with 
both ends of the molecule being hydroxyl groups, can be 
obtained: 



(CH 2 ) 4 -0-}- (I) 



— fR^H-R^o-a— (IV) 

*3 



[wherein R^, R^ and R 3 are respectively the same as 
described above]. 
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A polyetherglycol with a molar ratio of the 
unit (I) to the unit (IV) of 99:1 to 5:1, having a 
number average molecular weight of 500 to 10, 000 , is a 
polyether glycol, which can preferably be used as soft 
5 segments for an elastomer such as polyurethane , poly- 
ester, polyamide, etc. Its number average molecular 
weight is preferably 500 to 3,500. Polyetherglycols and 
elastomers synthesized by using these as a starting 
material are generally known to be deteriorated such as 

10 yellow discoloration or lowering in strength, when 
exposed to oxygen, N0 x gas, light, heat, etc. As a 
method for preventing such deterioration, it has 
generally been practiced to incorporate a stabilizer 
such as a phenolic compound, an amine compound, a sulfur 

15 compound, etc. However, such methods involved the 
drawbacks such that the amount of the stabilizer 
employed is limited due to compatibility with the 
polymer, that the stabilizer added may bleed out on the 
polymer surface to reduce the effect of the stabilizer, 

20 etc. The polyurethane synthesized by using a nitrogen- 
containing polyetherglycol as described above will 
scarcely been discolored to yellow even wtten exposed to 
N0 x gas and also has the specific feature of excellent 
dyeing property. This is because amine structures are 

25 incorporated into the molecule and the excellent dyeing 
property may be considered to be due to the presence of 
amine structures in jthe soft segment. 

A polyether polyol containing sulfur obtained 
when employing a polyhydroxyalkylsulf ide as the 
30 polyhydric alcohol is very stable even when exposed to 
oxygen, light, heat, etc. and also preferably used as 
soft segments for an elastomer such as polyurethane, 
polyester, polyamide, etc. Its number average molecular 
weight is preferably 500 to 3,500. 
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According to the present method , various poly- 
hydric alcohols, can be copolymerized with THF, and 
further polyhydric alcohols are copolymerized randomly 
within the chains formed by ring opening polymerization 
of THF. Accordingly f most of the polyether polyols 
obtained are lower in crystallinity as compared with 
PTMG, and the elastomers by using these as soft segments 
can be expected to exhibit excellent resilient recovery 
even at low temperatures. Also, according to the 
present method, it is possible to introduce amino groups 
or sulfur atoms into the polymer chains to synthesize 
polyalkylene ether polyols having yellow discoloration 
resistance and heat resitance not found in PTMG. 

Further, according to the present method, 
15 additional advantages unknown in the prior art can be 
obtained such that polyalkylene ether polyols can be 
synthesized in one step without requiring the hydrolysis 
step and that the catalyst employed can be used 
repeatedly . 

' 20 The present invention is described in more 

detail by referring to the following Examples. 

( 



5 



r 
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Example 1 

Into a vessel equipped with a stirring means and a 
reflux condenser were charged 200 g of THF containing 
350 ppm of H 2 0 and 8.5 g of ethylene glycol. Then, 100 g 
of tungstophosphoric acid (^PW-^O^) heated at 300 °C for 
3 hours to be made anhydrous was added thereto (the moles 
of ethylene glycol were about 4-fold of the moles of 
tungstophosphoric acid, and the amount of water produced 
when the whole ethylene glycol is copolymerized is 4-fold 
moles of tungstophosphoric, if the amount consumed as the 
terminal OH groups is not reckoned into calculation). By 
setting the temperature at 60 °C, stirring was continued 
in a nitrogen atmosphere for 4 hours, and the mixture was 
left to stand at' room temperature to be separated into two 
phases. From the upper layer, unreacted THF was removed 
by distillation to obtain 42 g of a transparent and viscous 
polymer . 

The polymer obtained was found to have a number 
average molecular weight of 1500 as the result of measure- 
ment by gel permeation chromatography (GPC) . The polymer 
had a melting point of 14 °C as measured by a differential 
scanning calorimeter ( PERKIN— ELMER DSC-2) (at a temperature 
elevation speed of 4 °c/min. ) , which was lower by about 
10 °C as compared with the PTMG having the same molecular 
weight. The H-NMR spectrum (400 MHz) of the polymer 
obtained is shown in Fig. 1, in which the axis of abscissa 
indicates the chemical shift (ppm) when employing tetra- 
methylsilane as a standard substance. As the result of 
detailed analysis, it was found that the polymer was a 
polyether glycol formed by a copolymerization of ethylene 
glycol and THF at a molar ratio of ethylene glycol/THF 
being 1/9, and the ratio of oxydimethylene groups existing 
at the ends of the molecule to those in the molecular 
chain was 26:74. 
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Also, the C-NMR spectrum of the polymer obtained 

of which hydroxyl groups at both ends were acetylated is 

shown in Fig. 2, in which the axis of abscissa indicates 

the chemical shift (ppm) when employing tetramethylsilane 

as a standard substance. When oxydimethylene groups exist 

consecutively from the terminal end, the carbon at the 

P-position of the terminal acetyl group ( CH - - C- O-CH 0 CH- O- 

3 n 2— 

O 

CH 2 CH 2 0-) exists at the position of 6 69*1 ppm, but the 
carbon at the B-position of the terminal acetyl group in 
this polymer exists at 6 68.5 ppm, thus indicating that 
they are not units existing consecutively from the terminal 
end. It can be estimated from the above results that 
ethylene glycol was not copolymerized in blocks but 
randomly. 

Example 2 

Polymerization was carried out by using the continuous 
polymerization device as shown in Fig. 3. First, into a 
polymerization tank 1 having a volume of 300 ml and having 
a stirring means and a reflux condenser was charged 200 g 
of tungstophosphoric acid having a coordinated water 

number of 3.5 ( H 3 PW 12 °4o* 3 - 5H 2°) • 150 ST of a monomer 
mixture containing THF and a predetermined amount of diols 
as indicated in Table 1 was added thereto and the mixture 
was stirred. By setting the polymerization tank tempera- 
ture at 60 °C, stirring was continued in a nitrogen 
atmosphere for 4 hours and feeding of the mixture con- 
taining THF and a predetermined amount (see Table 1) of 
diols was commenced at the rate of 32 ml/Hr. The mixture 
in the polymerization tank was delivered to a phase 
separation tank 2, and the upper layer separated was 
removed by allowing it to be overflown, and the catalyst 
phase of the lower layer was returned to the polymerization 
tank, wherein the reaction was carried out again. Thus, 
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continuous running was carried out for 100 hours. From 
the upper phase liquid overflown , unreacted THF was re- 
moved by distillation at the distillation tower 3 to 
obtain a polymer. All the polymers were found as a result 
5 of analysis to be polyether glycol having OH groups at 

both ends in which one molecule of diols on an average in 
one molecule of polymer was randomly copolymerized. The 
compositions of the starting materials when employing 
various kinds of diols and the results were shown in 
10 Table 1. 

The ^H-NMR spectrum (measured by JEOL JNM-GX400 
nuclear magnetic resonance apparatus) of the polyether 
glycol prepared by copolymer i zing THF with 1,6-hexane diol 
is shown in Fig. 4, in which the axis of abscissa indi- 
15 cates the chemical shift (ppm) when employing tetramethyl- 
silane as a standard substance. 
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Table 1 





Composition 
of starting 
material : 

Diol + THF 
(wt. %) 


Polymer 
yield 

(%) 


Number 
average 
molecular 
weight of 
polymer 


Melting 
point *1) 
of polymer 

<°C) 


Ethylene glycol 


1.8 


29 


1600 


16 


1 / 3-Propane 
diol 


1. 35 


34 


1800 


14 


1,6-Hexane diol 


1.65 


31 


1500 


18 


1/3-Butane diol 


1.60 


30 


1700 


15 



*1) measured by differential scanning calorimeter 

(PERKIN-ELMER DSC-2 Model) at a temperature elevating 
speed of 4 °C/min. 
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Example 3 

Into a vessel eguipped with a stirring means and a 
reflux condenser were charged 200 g of THF containing 
350 ppm of H 2 0 and 10.6 g of 1,3-propane diol. Then, each 
5 of 100 g of the catalysts made to anhydrous state as 

indicated in Table 2 was added thereto. At a temperature 
set at 60 °C, stirring was continued in a nitrogen atmos- 
phere for 4 hours and the mixture was left to stand at 
room temperature to be separated into two phases. From 
10 the upper layer, unreacted THF was removed by distillation 
to obtain a copolymer in which 1,3-propanol was copoly- 
merized. The yields of the polymers obtained are shown in 
Table 2. The number of coordinated water in the catalysts 
during the reaction was within the range of from 0.5 to 4. 
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Table 2 



5 



( 10 



15 



Catalyst 


Polymer yield (g) 


r2-roolybdo-l-phosphoric acid 
(H 3 PM0 12 0 40 ) 




18-molybdo-2-phosphoric acid 
(H 6 P 2 Mo 18 0 62 ) 


18 I 


jLz-tungsto-j.-pnospiioric acia 


51 


18 — tunasto- 2-DhosDhoric acid 
(H 6 P 2 K 18°62> 


35 


12-tungsto-l-silicic acid 
(H 4 SiK 12 O 40 ) 


45 i 


12-tungsto-l-germanic acid 
(H 4 GeW 12 O 40 ) 


4 8 


12-tungsto-l-boric acid (H C BW, -O. _) 

5 12 40 


31 


12-t.ungsto- 1-arsenic acid 
3 12 40 


36 


11-molybdo-l-vanado-l-phosphoric acid 
(H PMo ,VO 40 ) 


43 


12 - 1 ung s to- 1-phospha t e- 2 - ce s ium 
2 12 4 0 


28 


12-tungsto-l-phosphate-l- aluminum 
(A£PW 12 0 4Q ) 


35 


12-tungsto-l-phosphate-l-bismuth 
(BiPW 12 O 40 ) 


38 


12-tungsto-l-silicate-l-lithium 
(LiH 3 SiW 12 O 40 ) 


23 


12-tungsto- 1- silicate- 1-calciuin 
(CaH 2 SiW 12 0 4£) ) 


17 


12-molybdo-l-phosphate-l-cesiuni 
(CSH 2 PM0 12 0 40 ) 


20 
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5 



12-molybdo-l-silicate-l-lithium 
(LiH 3 SiMo 12 O 40 ) 


21 


12-tungsto-l-arsenate-l-lithium 
(LiH 2 AsW 12 O 40 ) 


18 


12-tungsto-l-phxDsphate-l-indium 
(InPW 12 O 40 ) 


31 


12-tungsto-l-phosphate-I-chromium 
(CrPW 12 O 40 ) 


33 
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Example 4 and Comparative example 1 

Into a vessel equipped with a stirring means and a 
reflux condenser were charged 200 g of THF and 1,3-propane 
diol in amounts as indicated in Table 3. Then, 100 g of 
5 tungstophosphoric acid controlled to a coordinated water 
number of 2 was added thereto. At a temperature set at 
60 °C, stirring was continued in a nitrogen atmosphere for 
4 hours and the mixture was left to stand at room tempera- 
ture to be separated into two phases . From the upper 
10 layer, unreacted THF was removed by distillation to obtain 
a polymer. The polymerization results and the number 
average molecular weights determined by GPC were shown in 
Table 3. 
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Table 3 



5 




1 , 3 -Propane 


1 , 3 -Propane 
diol 


Polymer 


Number 
average 
molecular 
weight of 
polymer 






diol 

(g) 


H 3 PW 12°40 
(molar 
ratio) 


yield 

(g) 


io 




5.3 


2 


48 


1800 




Example 4 


10.6 


4 


23 


1300 


15 




15.9 


6 


6.5 


600 


2Q 


Comparative 
*1) 
example 1 


47.7 


18 


trace 





*1) Substantial number of coordinated water molecules in 
the catalyst during the reaction was 15 or more. 
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Example 5 

Polymerization was carried out by-using* the contin- 
uous polymerization device as shown in Fig. 3. First , 
into a 300 ml of polymerization tank 1 having a stirring 
means and a reflux condenser was charged 200 g of 12- 
tungstophosphoric acid having a coordinated water , number 
of 3.5 (H 3 PW 12 O 40 *3.5H 2 O) . 150 g of a monomer mixture 
containing THF and 1.8 wt. % of 1,4 -butane diol was added 
thereto, and the mixture was stirred. By setting the 
polymerization tank temperature at 60 °C, stirring was 
continued in a nitrogen atmosphere for 4 hours and feeding 
of a mixture containing THF and 1.8 wt. % of 1,4 -butane 
diol was commenced at the rate of 32 ml/Hr. The reaction 
was carried out while circulating the liquid from the 
lower layer in the phase separation tank 2 to the reaction 
tank and removing the upper layer after phase separation 
by allowing it to overflow. From the upper layer liquid 
overflown, unreacted THF was removed by distillation to 
obtain PTMG. Substantially no unreacted 1,4-butane diol 
was detected. After continuous running for 100 hours, 
850 g of PTMG having a number average molecular weight of 
1750 was obtained. 

Example 6 

Into a vessel equipped with a stirring means, 100 g 
of THF with a water content of 350 ppm, 3 g of 1,4-butane 
diol and 6 g of a PTMG oligomer having a number average 
molecular weight of 600 were added. Then, 50 g of 12- 
tungstosilicate-l-lithium (LiH 3 SiW 12 0 4Q ) was added 
thereto. The vessel was sealed up and stirring was con- 
tinued at 60 °C in a nitrogen atmosphere for 6 hours. 
After the reaction, the mixture was left to stand to be 
separated into two liquid phases, and the catalyst phase 
of the lower layer was separated. From the upper phase, 
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unreacted THF was removed by distillation to obtain 31 g 
of PTMG having a number average molecular -weight of 1800. 

Example 7 

Into a vessel equipped with a stirring means and a 
reflux condenser, 200 g of THF containing 350 ppm of I^O, 
8.0 g of propylene oxide and 13 g of 1,4-butane diol were 
charged. Then, 100 g of tungstophosphoric acid 
(H 3 PW 12 0 4£) ) made to anhydrous state by heating at 300 °C 
for 3 hours was added thereto. By setting the temperature 
at 60 °C, stirring was continued in a nitrogen atmosphere 
for 4 hours, and then the mixture was left to stand at 
room temperature to be separated into two phases. From 
the upper phase, unreacted THF was removed by distillation 
to obtain 49 g of a transparent and viscous polymer. The 
polymer obtained, as a result of analysis, was found to be 
a polyalkylene ether glycol, having OH groups at both 
ends, with two molecules of propylene oxide being copoly- 
merized on an average in one molecule. The number average 
molecular weight was measured by GPC to be 1500. 

Example 8 

By means of a continuous polymerization device as 
shown in Fig. 3, polymerization was carried out. First, 
into a polymerization tank 1 having a volume of 10 liter 
and having a stirring means and a reflux condenser, 3.0 Kg 
of THF containing 200 ppm of water and 1.8 wt. % neopentyl 
glycol was charged. While stirring the mixture, 8.0 Kg of 
tungsophosphoric acid <H 3 PW 12 O 40 ) made anhydrous by 
heating at 300 °C was added thereto to prepare a catalyst 
liquid phase. The catalyst liquid phase has a volume of 
about 6.3 liter. Then, by setting the temperature at 
60 °C, THF containing 200 ppm of water and 1.8 wt. % of 
neopentyl glycol was fed into the vessel at a rate of one 
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liter/hour. The liquid in the polymerization tank over- 
flown was subjected to phase separation in the phase 
separation tank 2, and polymerization was carried out, 
while withdrawing the starting, material organic phase of 
the upper phase continuously and returning the catalyst 
liquid phase into the polymerization tank. From the 
starting material organic phase, unreacted THF was re- 
covered by vacuum distillation to obtain 27*8 Kg of a 
polymer. The polymer was analyzed to find that it was a 
polyalkylene ether glycol, having OH groups at both ends / 
with one molecule of neopentyl glycol randomly copoly- 
merized on an average per one molecule of the polymer. 
The number average molecular weight was found to be 197 0, 
with the molecular weight distribution (Mvis/Mh) being 
1.5 8. Here, Mn is the number average molecular weight - 
determined by quantifying OH groups , and Mvis is a 
viscosity average molecular weight and calculated from 
the following formula correlated with the viscosity 
measured at 40 °C: 

Mvis = antilog (0.4 93 log viscosity (cp) + 3.0 646). 

In the Examples shown below, unless otherwise noted, 
the molecular weight distribution (Mvis/Mn) was determined 
according to the above method. 

This polymer was found to. have a melting point of 
10 °C, as a result of measurement by means of a differen- 
tial scanning calorimeter (PERKIN-ELMER DSC-2 MODEL) 
(measured at a temperature elevation speed of 4 °C/min.). 
The H-NMR spectrum of this polymer is shown in Fig. 5, 
wherein the axis of abscissa shows the chemical shift (ppm) 
when employing tetramethylsilane as a standard substance. 
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Example 9 and Comparative example 2 

Into a vessel equipped with a stirring means and a 

reflux condenser were charged 200 g of THF containing 

100 ppm of H 2 0 and 4.2 g of ethylene glycol. To this 

5 mixture was added 100 g of tungstophosphoric acid 

(H.PW 10 0, n »nH n O.) controlled to a certain number of coordi- 
3 12 40 2 

nated water by heating at a temperature of 150 to 250 °C 
for 0.5 to 2 hours. After stirring was continued at 
60 °C in a nitrogen atmosphere for 4 hours, the mixture 

lO was left to stand at room temperature to be separated into 
two phases. From the upper layer, unreacted THF was 
removed by distillation to obtain a copolymerized polyether 
glycol of ethylene glycol and THF. The polymerization 
results are shown in Table 4. The number average molecular 

15 weights were measured by GPC. 



« 
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Table 4 





Water in 
catalyst 
phase (mol) 


Form of 
polymeri- 
zation 
system 


Polymer 


Yield (%) 


Number 
average 
molecular 
weight 


Heteropoly- 
acid (mol) 


Example 9 


3 


Two- 
liquid 
phase 


24 


1950 


5 


do 


15 


1350 


8 


do 


3,5 


800 


10 


do 


1.0 


600 


Comparative 
example 2 


18 


Homo- 
geneous 
phase 


trace 




30 


do 


trace 
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Example 10 

A vessel equipped with a stirring means was charged 
with 100 g of THF containing 30 ppm of water, 2 g of 
1,3-propane diol and 5 g of a low molecular weight 
5 polymer of a polyether polyol (number average molecular 
weight: 600) wherein 1,3-porpane diol and THF are co- 
polymerized at a molar ratio of 1:8. Subsequently , 50 g 
of tungstosilicic acid (H 4 SiW 12 0 4(J - 2H 2 0) controlled to a 
coordinated water number of 2 was added to the mixture, 

10 Stirring was continued at 60 °C in a nitrogen atmosphere 
for 6 hours. After the reaction, the mixture was left 
to stand at room temperature to be separated into two 
liquid phases, from which the catalyst layer of the 
lower phase was separated. Unreacted monomer was 

15 removed by distillation from the upper phase to obtain 
30 g of a polyether glycol having a number average 
molecular weight of 1750. Additionally, substantially 
no unreacted 1,3-propan diol would be detected, and 
accordingly it can be estimated that all of 1, 3-propane 

20 diol has copolymerized. 

Example 11 

A vessel equipped with a stirring means was charged 
with 100 g of THF containing 30 ppm of water, 2 g of 
1,3-propane diol, 5 g of a low molecular weight polymer 
25 of a polyether polyol ( number average molecular weight: 
600) wherein 1,3-propane diol and THF are copolymerized 
at a molar ratio of 1:8 and 2 g of an oligomeric cyclic 
ether of the formula: 



30 




Subsequently, 50 g of tungstosilicic acid 
(H 4 SiW 12 0 4Q -2H 2 0) controlled to a coordinated water 
number of 2 was added to the mixture. Stirring was 
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continued at 60 °C in a nitrogen atmosphere for 10 
hours. After the reaction, the mixture was left to 
stand at room temperature to be separated into two 
liquid phases. Unreacted monomer was removed by dis- 
tillation from the upper phase to obtain 35 g of a poly- 
ether glycol having a number average molecular weight of 
2000. This polymer phase was found to contain 0.15 g of 
the oligoxneric cyclic ether, and the catalyst phase con- 
tained 0.1 g of the same cyclic ether. From this 
result, the most of oligoxneric cyclic ether may be 
estimated to be copolymeri zed into the polymer. 
Additionally, substantially no unreacted 1,3-propane 
diol could be detected, and accordingly it can be 
estimated that all of 1,3-propane diol has 
copolymeri zed . 

Example 12 

In 100 g of TKF was dissolved 10 g of tungs to- 
phosphoric acid with a coordinated water number of 
30(H 3 PW 12 O 40 .30H 2 O) . Then, 50 g of granular activated 
charcoal was added to the solution, followed by mixing 
at room temperature for one hour. The activated char- 
coal was filtered, dried and heated at 300 °C for 3 
hours to obtain a carried catalyst. The above carried 
catalyst in an amount of 50 g, 160 g of THF containing 
50 ppm of H^O and 1.0 g of ethylene glycol were charged 
into a air-tight stainless steel vessel. After dis- 
placed with nitrogen gas, the vessel was hermetically 
sealed, and shaking was continued for 24 hours on a 
shaking machine set at 60 °C. Next, the catalyst 
carried on activated charcoal was separated by filtra- 
tion, and unreacted monomer was removed by distillation 
from the filtrate to obtain 12 g of a poly ether glycol 
in which ethylene glycol and THF were copolymeri zed. 
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Example 13 

A vessel equipped with a stirring means and a 
reflux condenser was charged with 200 g of THF con- 
taining 350 ppm of H 2 0 and 11.2 g of bis- (2- 
5 hydroxyethyl)-n-butylamine: 

HO-CH 2 CH 2 -N-CH 2 CH 2 -OH 
(CH 2 ) 3 CH 3 

Then, 10 0 g of tungstophosphoric acid made anhydrous by 

heating at 300 °C for 3 hours <H-PW_^0, rt ) was added 

3 12 4 0 

10 thereto. Stirring was continued at 60 °C in a nitrogen 
atmosphere for 6 hours. The reaction mixture was in a 
state of two liquid phases, and left to stand after the 
reaction at room temperature to be separated into two 
phases. From the upper phase, unreacted THF was removed 

15 by distillation to obtain 60.3 g of a transparent and 
viscous polymer. As a result of elemental analysis and 
H-NMR measurement of the polymer obtained, the polymer 
was found to be a polyeth^er glycol copolymerized at a 
ratio of bis- ( 2-hydroxyethyl )-n-butylamine and THF being 

20 1/25. The """H-NMR spectrum of the polymer is shown in 
Fig. 6, wherein the axis of abscissa shows the chemical 
shift (ppm) when employing tetramethylsilane as a 
standard substance. Also, the polymer obtained was 
found to contain substantially no unreacted bis- (2- 

25 hydroxyethyl)-n-butylamine, as confirmed by gas chroma- 
tography. As the result of measurement of the molecular 
weight of the polymer by gel permeation chromatography, 
the nubmer average molecular weight was found to be 
1700. 

3Q Example 14 



Various amines as indicated in Table 5 were charged 
together with 200 g of THF containing 350 ppm of H 2 ° 
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into a vessel equipped with a stirring means and a 
reflux condenser* Then, 100 g of tungstophosphoric acid 
made anhydrous by heating at 300 °C for 3 hours 
< H 3 PW 12°4 0 > was added thereto. After stirring was con- 
tinued at 60 °C in a nitrogen atmosphere for 6 hours, 
the mixture was left to stand to be separated into two 
phases. From the upper phase, unreacted THF was removed 
to obtain a polymer in which amine was copolymerized 
with THF. Table 5 shows the kind of amines and the 
composition of starting materials charged, the polymer 
yield after the reaction and the nitrogen content in the 
polymer obtained. 
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Amine 

¥i 

R 2 -N-R 3 


Composition 
of starting 
material: 

Amine 
Amine + THF 

(wt.%) 


Polymer 
yield 

(%) 


Nitrogen 
content in 
polymer 

(wt.%) 


R x = -C(CH 3 ) 3 

R 2 = -CH 2 CH 2 CH 2 CH 2 OH 

R 3 = -CH 2 CH 2 OH 


6.2 


64 


0.9 


R l = " CH 3 

R 2 = -CH 2 CH 2 OH 

R 3 = -CH 2 CH 2 OH 


3.9 


57 


0.6 


R-, = -CH CH-CH-CH 
R 2 = -CH 2 CK 2 CH 2 CH 2 OH 
R 3 = -CH 2 CH 2 CH 2 CH 2 OH 


7.0 


56 


0.7 


Rl = -C(CH,)_ 

R 2 = -CH 2 CH 2 CH 2 OH 

R 3 = -CH 2 CH 2 CH 2 OH 


6.2 


60 


1.0 


R, = -CH,CH,CH_CH, 
R 2 = -CH(CH 3 )CH 2 OH 
R 3 = -CH 2 CH 2 OH 


5.8 


50 


0.4 


R x = -CH 2 CH" 2 OH 
R 2 = -CH 2 CH 2 OH 
R 3 = -CH 2 CH 2 OH 


5.9 


39 


0.5 


R 1 = -CH 2 CH 2 CH 2 CH 3 

R 2 = -CH 2 CH 2 OH 

R3 = -CH 2 CH 2 -0-CH 2 CH 2 OH 


6.4 


38 


0.4 


R x = H 

R 2 = -CH 2 CH 2 OH 
R 3 = -CH 2 CH 2 OH 


3.5 


59 


0.8 
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Example 15 

A vessel equipped with a stirring means and a 
reflux condenser was charged with 200 g of THF con- 
taining 3 50 ppm of H 2 <D and 8*2 g of thiodiethanol 
[HO-CH 2 CH 2 -S-CH 2 CH 2 -OH]. Then, 100 g of tungsto- 
phosphoric acid made anhydrous by heating at 300 °C for 
3 hours ^ H 3 PW 22°4o' WaS a( ^ e( ^ thereto. Stirring was 
continued at 60 °C in a nitrogen atmosphere for 6 hours. 
The reaction mixture was in a state of two liquid 
phases, and after the reaction left to stand to be 
separated into two phases. From the upper phase, 
unreacted THF was removed by distillation to obtain 14 g 
of a transparent and viscous polymer. As a result of 
elemental analysis of the polymer by fluorescent X-ray 
and measurement of "^H-NMR, the polymer was found to be a 
poly ether glycol copolymerized at a molar ratio of 
thiodiethanol/THF being 1/22. Substantially no 
unreacted monomer was found to exist in the polymer 
obtained. As a result of measurement by gel permeation 
chroma tograpyhy (GPC), the polymer obtained was found to 
have a number average molecular weight of 2,000. 

Example ,16 * 

Into a vessel equipped with a stirring means and a 
reflux condenser, 200 g of THF containing 350 ppm of H 2 0 
and various kinds of thioglycols as indicated in Table 6 
were charged. Then, 100 ig of tungstophosphoric acid 
made anhydrous by heating at 300 °C for 3 hours 
(H 3 *PW^ 2 0 4{) ) was added thereto. Stirring was continued 
at 60 °C in a nitrogen iatmbsphere for 6 hours. The 
reaction mixture was in a state of two liquid phases, 
and after the reaction left to stand to_.be separated 
into two phases. From the upper phase, unreacted THF 
was removed by distillation to obtain a polymer in which 
a thioglycol and THF were copolymerized. Table 6 shows 
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the kind of thioglycols, the composition of starting 
materials, and the polymer yield after the reaction. 
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Table 6 



Thioglycol 


Composition 
of starting 
material : 
Thioglycol 
fThioglycol^ 
I + THF J 
(wt.%) 


Polymer 
yield 

(%) 


Number 
average 
molecular 
weight of 
polymer 

(wt.%) 


R^ = -CH 2 CH 2 CH 2 CH 2 OH 
R 2 = -CH 2 CH 2 0H 


4.7 


9 


2800 


R- = — CH~CH~0CH CH OH 

2 2 V/ V— -ij 2 J 2 Wll 

R 2 = -CH 2 CH 2 0H 


5.2 


12 


1800 


R x = -CH(CH 3 )CH 2 0H 
R 2 = -CH 2 CH 2 0H 


5.0 


8 


180Q 


Rl = -CH 2 CH 2 SCH 2 CH 2 0H 
R 2 = -CH 2 CH 2 OH 


5.6 


3 


2500 
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Example 16 

Into a vessel equipped with a stirring means were 
charged 50 g of THF with a water content of 30 ppm, 1 g 
of 1,3-propane diol and 15 g of a low molecular weight 
5 polymer (number average molecular weight: 600) of a 
polyether glycol prepared by copolymerization of 
1,3-propane diol and THF at a molar ratio of 1:8. 

As a next step, 50 g of tungstophosphoric acid 
(H 3 PW 12 O 40 »lH 2 O) controlled to a coordinated water 

10 number of 1 was added to the mixture, and the reaction 
was carried out~under a nitrogen atmosphere at a tem- 
perature set at .60 °C for 20 hours. After the reaction, 
the mixture was added with 2 50 g of I^O and 2 50 g of 
chloroform, and was mixed, followed by separation into 

15 two phases. From the chloroform phase, unreacted 

monomers and .chloroform were removed by vacuum distil- 
lation to obtain 25 g of a polymer. The polymer was 
analyzed to be a polyether glycol in which 1,3-propane 
diol and THF were copolymerized at a molar ratio of 1:8, 

2Q having a number average molecular weight of 1950. As a 
result of analysis of the polymer obtained by gel per- 
meation chromatography (GPC), the low molecular weight 
polymer of polyether glycol added as the starting 
material was found to be consumed. Thus, it may be 

25 estimated to be used in the copolymerization reaction 
with THF. 

Application example 1 

By using the starting materials of the copoly- 
merized polyetherglycols as shown in Table 7 and PTMG as 
30 Control , polyurethane films were prepared. Polyurethane 
was prepared by adding to the polyether glycol, 1.55-fold 
mole thereof -of 4 ,4 1 -diphenylmethane diisocyanate to 
synthesize a prepolymer, dissolving the prepolymer in 
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5-fold weight of the prepolymer of dimethylacetamide 
solvent and allowing the free isocyanate groups to react 
with egual moles of amines la mixture of ethylenediamine 
and diethylamine; a molar ratio of diethylamine/ 
ethylenediamine being/ ^T. 0G4/1 ] at 70 °C for 3 hours. 
The polyurethane obtained had a molecular weight of 
about . 70 , 000 . The polyurethane was formed into a film 
with a thickness of 0.125 ram and a width of 1 mm and its 
low temperature recovery (recovery at 10 °C ten seconds 
after release from elongation after the film had been 
elongated to 100 % at 10 °C for 16 hours) was measured. 
The results are shown in Table 7, which shows excellent 
low temperature recovery of the copolymer i zed poly- 
etherglycol as compared with the polyurethane film 
employing PTMG . 



/0.0128A 
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Table 7 



Polyether glycol composition Number average Recovery* 2 > 

(molar ra tio) molecular weight (%) 

of polyether 



-f <CH 2 ) 5 -0+/-HCH 2 ) 4 -0i- 
= 1/21 



glycol 



*1) 



2100 



35 



-HCH 2 ) 6 -O*/f<CH 2 ) 4 -0}- . 
= 1/25 



1900 



34 



? H 3 

-tCH 2 -C-CH 2 -0V4(CH 2 ) 4 -<H- 
CH 3 

= 1/28 



2150 



81 



Control data 

HO-E-(CH-) -0-3- H 
2 4 n 



1960 



.24 



Foot Note: *1) number average molecular weight by OH 
value measurement. 

*2> recovery at 10 °C 10 seconds after 
release from elongation after the film had been 
elongated at 10 °C to 100 % for 16 hours. 
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CLAIMS 



1 m A process for producing a polyether polyol 
having a content of 0. 5 to 99.5 % by weight of oxytetra- 
methylene groups derived from tetrahydrof uran by copoly- 
merizing tetrahydrof uran with a polyhydric alcohol having 
two or more hydroxyl groups per one molecule with the 
use of a heteropoly-acid and/or its salt as a catalyst , 
characterized in that O.l to 15 molecules of water per 
one he teropoly- anion are present in the catalyst 
phase. 

2. A process for producing a polyether polyol having 
a content of 0.5 to 99.5 % by weight of oxytetramethylene 
groups derived from tetrahydrof uran by copolymer! zing a 
mixture of tetrahydrof uran and another cyclic ether 
copolymerizable therewith with a polyhydric alcohol 
having two or more hydroxyl groups per one molecule with 

. the use of a heteropoly-acid and/or its salt as a cata- 
lyst, characterized in that 0.1 to 1 5 molecules of 
water per one heteropoly-anion are present in the cata- 
lyst phase. 

3. A process according to either of the Claims 1_ 

or 2, wherein the amount of water existing in the catalyst 
phase is within the range of from 1 to 8 molecules per 
one heteropoly-anion, 

4. a process according to any of Claims 1 to 4 , 
wherein the polyhydric alcohol is a dihydric alcohol 
having 2 to 10 carbon atoms. 
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5. A process according to Claim 4, wherein the 
dihydric alcohol is one or a mixture of two or more com- 
pounds selected from the group consisting of ethylene 
glycol, propylene glycol, 1,3-propane diol, 1,4-butane 
diol, 2-methyl-l,3-propane diol, 1,5-pentane diol, 
neopentyl glycol, 2-methyl^l, 4-butane diol, hexane diol, 
heptane diol and octane diol. 

6. A process according to any of the Claims 1 to 3, 
wherein the polyhydric alcohol has a moiety containing a 
secondary amine or a tertiary amine or salts thereof in 
its molecule,.. 

7 . A process according to Claim 6, wherein the 
polyhydric alcohol having a moiety containing a 
secondary amine or a tertiary amine in its molecule has 
a structural formula: 

HCHR^N-R^OH 

wherein R^ and are selected from the group 
consisting of -<CH 2 > n - (wherein n: 2 - 10), 
-CH 2 CH 2 -0-CH 2 CH 2 - and -Ci^Cf^CH^O-CH^^CH^, 
and R^ is selected from hydrogen atom and 
alkyl groups having 1 to 10 carbon atoms. 

8 .. A process according to any of the Claims 1 to 3, 
wherein the polyhydric alcohol is a poly hydroxy alkyl 
sulfide. 

9 . A process according to Claim 8, wherein the 
polyhydroxyalkyl sulfide has the" structural formula: 

HO-Rj-S-R^OH 
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wherein and R 2 are selected from the group 
consisting of -^^ 2 ) tT (wherein n is 2 - io), 
^CH 2 CH 2 ~0-CH 2 CH 2 - and -CH^H CH -O^CH CH Cfi 



10. A process according to Claims 1 or 3 r wherein a lo 
5 molecular weight polymer of the poly ether polyol 

obtained by copolymerizing tetrahydrof uran and the poly- 
hydric alcohol is used as at least a part of the poly- 
hydric alcohol. 

11. A process according to Claim 2 or 3 , wherein a low 
10 molecular weight polymer of the polyether polyol 

obtained by copolymerizing tetrahydrof uran , other cyclic 
ether copolymer i zable therewith and the polyhydric 
alcohol is used as at least a part of the polyhydric 
alcohol, or an oligomeric cyclic ether obtained by co- 
15 polymerizing tetrahydrof uran f other cyclic ether co- 
polymer! zable therewith and the polyhydric alcohol is 
used as at least a part of the cyclic ether. 

12. A process according to any of Claims 1 to 11, 
wherein the polymerization system forms two-liquid 

20 phases of the organic phase of starting materials and 
the catalyst liquid phase , and the reaction is carried 
out in the two-liquid phase system in which the catalyst 
liquid phase exists at 10 vol. % or more of the total 
liquid phase in the reactor r followed after the reaction 

25 b Y phase separation to recover a polyether polyol from 
the organic phase of starting materials. 

13. A process according to any of Claims 1 to 12, 
wherein the catalyst or the phase containing the 
catalyst is recovered by separation and used repeatedly 

3q for the polymerization reaction. 

14. A process according to any of Claims 1 to 4, 
6, 8 and 10 to" 13> wherein the catalyst is a ;. ; 
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heteropoly-acid formed by condensation of at least one 



oxide selected from the group consisting of Mo, W and V 
and an oxy-acid of the element selected frbra the group 
consisting of P, Si, As, Ge, B, Ti, Ce and Co. 

15. A process according to Claim 14, wherein the 
heteropoly-acid is one or a mixture of two or mor<e com- 
pounds selected from the group consisting of 12-molybdo- 
phosphoric acid, 18-molybdo-2-phosphoric acid, 9- 
molybdophosphoric acid, 12-tungstophosphoric acid, 
18-tungsto-2-phosphoric acid, 11-molybdo-l- vanado- 
phosphoric acid, 12-molybdotungstophosphoric acid, 
6-molybdo-6-tungstophosphoric acid, 12-molybdotungsto- 
vanadophosphoric acid, 12-tungstovanadophosphoric acid, 
12-molybdosilicic acid, 12- tungstosilicic acid, 
12-molybdotungstosilicic acid, 12-molybdotungstovana do- 
silicic acid, 12-tungstoboric acid, 12-molybdoboric 
acid, 12-molybdo-tungstoboric acid, 12-molybdovanado- 
boric acid, 12-molybdotungstovanadoboric acid, 
12-tungstogermanic acid and 12-tungstoarsenic acid. 

16. A polyether glycol comprising the constituent 
unit represented by the formula (I) shown below and the 
constituent unit (II) shown below, with a molar ratio of 
the unit (I) to the unit (II) being 99:1 to 5:1, having 
a number average molecular weight of 500 to 10 r 000 r with 
the molecule being terminated at both ends with hydroxyl 
groups: 




(I) 




(II) 



wherein n is an integer of 5 or more. 



17. A polyether glycol comprising the constituent 
unit represented by- the formula (I) shown below and the 
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constituent unit (III) shown below, with a molar ratio 
of the unit (I) to the unit (III) being 99:1 to 5:1, 
having a number average molecular weight of 500 to 
10,000 and a melting point of 18 °C or lower, with the 
molecule being terminated at both ends with hydroxyl 
groups: 



(CH 2 ) 4 -0-*- 



(I) 



? H 3 



-CH 2 -C-CH 2 -0 



(III) 



18 m A polyether glycol comprising the constituent 
unit represented by the formula (I) shown below and the 
constituent unit (IV) shown below, with a molar ratio of 
the unit (I) to the unit (IV) being 99:1 to 5:1, having 
a number average molecular weight of 500 to 10,000, with 
the molecule being terminated at both ends with hydroxyl 
groups : 



(CH 2 ) 4 -0— 3- 



1 I 2 

" R 3 - 



(I) 



(IV) 



wherein and R 2 are selected from the group 
consisting of "(C^^n" (wherein n: 2-10), 
-CH 2 CH 2 -0-CH 2 -CH 2 - and 

-CH 2 CH 2 CH 2 -0-CH 2 CH 2 CH 2 -, and R 3 is selected 
from the group consisting of hydrogen atom and 
alkyl groups having 1 to 10 carbon atoms. 
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19. A polyether glycol, obtainable by a process 
according to any of the Claims 1 to 15. 

20. Polyurethane, comprising segments formed of 
a polyether glycol according to any of the Claims 16 
to 19. 
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We enclose an amended page 45 , in order to amend an obvious 
error on page 45 , line 5 of the description. 

The erroneously stated figure of ."0.064/l n should correctly 
read "O. 128/1". 

The error and its amendment appear to be obvious for the 
following reasons : 

1) Generally, a molecular weight of polyurethane 

(p2pu) is calculated from the equation (1) as follows; 

- ( 1 - a ) x 60 .1 + 7 3.14 x 2 x + Mpp , - . 

a 

wherein a is a chemical equivalent ratio of diethylamine 
(hereinafter abbreviated as "DEA M ) to the total amines 

employed, and is represented by the following equation 
(2) since ethvlenedianine ("EA") is bifunctional 



n DEA 



(2) 



STKEHL SCHUBEL-HOPF SfcHULZ " * - ' * ^ , > , ' 

01 5 8 2 29 
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(™EA: a molar amount of EA, ™DEA: a molar amount of DEA ) 
and ' 9 

Mpp is a molecular weight of a prepolymer represented 
by the following equation (3) 

N x 250.3 + 

M PP - — (3) 

further wherein N is a molar ratio of 4 , 4 ■ -diphenylme thane 
diisocyanate to polyetherglycol and is equal to 1.55 in 
Application Example of the present application , and 
M pG is a molecular weight of polyetherglycol and is 
equal to about 2000 in the reaction of the present 
Example as shown in Table 7 of the Specification. 

2) In the present Example , the polymerization was 

carried out by setting the values of parameters as 
described above as follows; 



a = 



"ksA 

2,|n EA * ™DEA = °"° 6 ' N = 1 * 55 MpG ~ 2000 



The calculation of a molecular weight of polyurethane 
(Rpu) according to the equations (3) and (1) by using 
these values as above leads to Fip U = 73000. 

On the other hand, the molecular weight of 
about 70,000 was also attained to by our measurement of 
viscosity of the polyurethane obtained. 

3) When Application example 1 is described in the 

Specification, a calculation of a molar ratio of diethylamine 
to ethylenediamine <™ DEA /rn EA ) from the a value should 
have been carried out correctly according to the equation 
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5) 



"dea 



a = 



2 ' m EA ♦ m DEA 



(2), 



but actually was carried out erroneously according to 
the equation m r 



DEA 

a = 



m EA + m DEA 



and accordingly the erroneous value of m DEA/ rn EA = 0.064 
was attained to and described in the Specif ication, the 
correct value of m D EA /ni EA = 0.128 not being described. 

4) In this connection, if the value of m DEA/ m EA 



= 0.064 being used, a = = 0.031 is arrived at, 

^EA + m DEA 

Further , when the a value being used, Mpu of 14100 is 
arrived at which value is twice as high as compared 
with the actual molecular weight of the polyure thane 
prepared by us. 

As explained above in 1) through 4 ) , the value 
of m DBA/ m BA = 0.064 as described in the Specification 
is apparently an error originated in calculation, and 
is correctly ^DEA/^EA = 0.128. 

In case the amendment should not be carried out at the time 
being it is requested that it be considered after the 
publication of the search report. 



Encl , 



Patentanwalt amended page 45 of the 

(U . Schiibel-Kopf ) description 
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5- fold weight of the prepolymer of dimethylacetamide 
solvent and allowing the free isocyanate groups to react 
with egual moles of amines [a mixture of ethylenedi amine 
and diethylamine; a molar ratio of diethylamine/ 
ethylenediamine being > o'.06 1 /13 at 70 °C for 3 hours. 
The polyurethane obtained had a molecular weight of 
about 70,000. The polyurethane was formed into a film 
with a thickness of 0.125 mm and a width of 1 mm and its 
low temperature recovery (recovery at 10 °C ten seconds 
after release from elongation after the film had been 
elongated to 100 % at 10 °C for 16 hours) was measured. 
The results are shown in Table 7, which shows excellent 
low temperature recovery of the copolymerized poly- 
ether glycol as compared with the polyurethane film 
employing PTWG. 
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FIG. 3 
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FIG. 6 
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